Abstract We observe in time-of-flight images a matter-wave fringe pattern for low momentum excitations. The contrast of these fringes is a sensitive spectroscopic probe explained by a Bogoliubov excitation projection and approaches the quantized excitation regime. Q2004 Optical Society of America OCIS codes: (020.7010) Trapping; (020.3690) Line shapes and shifts, (3W.6210) Spectroscopy, atomic; (14.3320) Laser
cooling
The quantum MW of a BowEinstein condensate (BEC) is clearly revealed in the behavior of its low momentum excitations, including the experimental observation of the Bogoliubov excitation spectrum Superfluidity, and suppression of low momenhlm excitations due to qnanhun correlations of the ground state [1,2]. In these experiments the condensates were typically excited by Bragg pulses [3], and after a free expansion time-of-fight (TOF) they were imaged. At high momenta the excitations were clearly separated from the expanding condensate, and could be counted and quantified. Even in the phonon regime @elow but comparable to the superfluid critical velocity), a well defined excitation cloud could still be distinguished fmm the condensate and was found to be ameMble to direct atom connting methods (see Fig. la) . However, at sufficiently low momentum (well below the superfluid critical velocity), we observe a new regime, in which the excitations and the condensate no longer separate, regardless of the dnration of the expansion The excitation is manifested ib a clear density modulation of the cloud in the absorption images (see Our nearly pure (>95%) *'Rb BEC with Id atoms, is formed in an elongated cykndrically-symmetric harmonic trap with axial frequency v i 2 5 Hz and radial frequency v i 2 2 0 Hz. We define the harmonic oscillator length a, = (h /2mv,)05. Bogoliubov excitations are excited in the condensate along the z axis, at a controlled wavenumber q by vuying the angle between the ~W O Bragg beam. After the Bragg pulse the magnetic trap is rapidly turned off and after 38 m e c of TOF an on-resomnt absorption image is iaken, with the absorption beam perpendicular to the z axis.
By scanning the detuning betweerthe Rragg beam and measuring the visibility of the density modulations in the resulting TOF image, we observe a clear Bogoliubov excitation spectm with remadable sensitivity (see Fig. Za) . Surprisingly, the basic physics of this result can be simulated by a Bogoliubov quasi-particle projection method 141 applied to a homogeneously expanding condensate (dashed line The fringe contrast scales linearly with the escited quasi-panicle amplitudes, whereas the counting visibili~y of the outcoupled cloud (such as Fig. la) scales quadratically in these amplitudes. In Fig. Zb , we compare the two methods and show a 300-fold enhancement in the sensitivity for the detection of excitations. This method allows us to approach the singly quantized excitation regime.
